The modern development of human cytogenetics dates from 1956 when Tjio & Levan demonstrated the human diploid chromosome number to be 46 and provided for the first time a classification of human mitotic chromosomes. The first discoveries of abnormalities of the human chromosome complement were made in 1959 by Lejeune et al. in mongolism, by Jacobs & Strong in Klinefelter's syndrome, by Ford et al. in Turner's syndrome and by Jacobs et al. with the triple-X female. Since these early days techniques have greatly improved and, using either the technique of nuclear sexing on smears of buccal cells or techniques for culturing blood lymphocytes, it is now possible to examine substantial groups of males and females, and to begin to have some appreciation of the frequencies of the more common abnormalities of the chromosome complement.
Limitations ofTechniques Before discussing the data it is important to define some of the limitations with which we have to contend. First, comparatively few laboratories are yet in a position to do chromosome studies on any substantial scale, so that the data as yet are based on the examination of small population samples in any particular area. Secondly, nuclear sexing can be done on a substantial scale, but it carries the limitation that it is only a means of ascertaining individuals who have an abnormal number of X chromosomes in some or all their cells. Once these are ascertained then the full chromosome complement has to be established by cell culture and chromosome analysis. Nuclear sexing, therefore, is a limited screening procedure, and for sex chromosome aneuploidy it has the great disadvantage of not recognizing males with a single X chromosome but an abnormal number of Y chromosomes. If such are suspected to be present in a group of males, then the tedious process of cell culture and chromosome analysis has to be performed for every member of the group.
Thirdly, studies of mitotic chromosomes are satisfactory for the identification of abnormal numbers of chromosomes and of some structural rearrangements, but they do not by any means identify all structural abnormalities. To recognize the result of a structural rearrangement in a mitotic cell we depend on the product chromo-some or chromosomes showing an altered morphology. We cannot, therefore, recognize paracentric inversions, or pericentric inversions where the points of breakage are equidistant from the centromere, or the reciprocal exchange of equal amounts of material. We can only detect simple deletions where these are large and involve many genetic loci. Present evidence suggests that about 0 5 % of the ordinary population carry structural rearrangements detectable in mitotic cells. It might not be unreasonable, however, to postulate that structural rearrangements are present in about 5 to 100% of the population. If this is so, then the study of cells in mitosis with current techniques only permits us to recognize the minority of those present. Studies of cells in the first meiotic division should lead to a more complete ascertainment, but these studies are as yet in their infancy.
In assessing population data, there is yet another proviso to be made which is particularly relevant to the frequency of subjects showing autosomal aneuploidy and especially mongolism. The frequency data for the latter are based on the clinical ascertainment of children with the features of mongolism in the newborn population. By and large this is not likely to lead to a serious imperfection in the ascertainment of individuals all of whose cells have the constitution 47,XX or XY, 21+1. However, autosomal mosaicism occurs, and when one cell line has a normal complement, then the mosaicism may be associated with minimal phenotypic disturbance. For mongolism the point is driven home by the recognition of mentally subnormal children to be mosaics of the type 46,XX or XY/47,XX or XY, 21 +, when chromosome surveys are conducted in hospitals for the mentally subnormal, these children not having been recognized as mongols on clinical grounds. This same problem is important in sex chromosome aneuploidy. For example, males with the constitution of 46,XY/47, XXY are born with a frequency of about 0 4 per 1,000 live male births. We know from a study of older males that this complement may be linked with a range of phenotype from a normally developed and fertile male to one showing all the features of the male whose cells are of the type 47,XXY.
Abortions
Bearing the above reservations in mind we may now examine the human population data, and consider, first, the findings from the examination of spontaneous abortions. The evidence to date indicates that about 20 % or more of spontaneous 'All chromosome complements are expressed in the Chicago notation (Chicago Conference 1966) abortions have a chromosome abnormality, with the greatest frequency, about 30%, among those occurring in the first trimester. Assuming that about 15 % of all recorded conceptions terminate in a spontaneous abortion then it appears that about 4 to 5 % of all such recorded conceptions have a chromosome abnormality, which in the majority leads to intrauterine death as the frequency of detectable chromosomes among the liveborn is about 1 %.
The great majority of the spontaneous abortions examined and found to be chromosomally abnormal have shown an abnormal chromosome number, and they include all the aneuploidies found in postnatal life and others not so far found compatible with survival into postnatal life. The numbers of abortuses showing structural rearrangements, whether balanced or unbalanced, are very few, and it seems likely that the unbalanced forms will lead either to gametic death or to death at a very early stage of development, so early that the mother may well be unaware that she has been pregnant. Two prominent forms of abnormality are the 45,X complement in females and triploidy or tetraploidy. It is quite clear that most females with a 45,X complement, associated in postnatal life with the features of Turner's sydrome, die in utero, and that those surviving to birth and also those surviving to adult life represent a small and highly selected minority of the original intrauterine population. Triploidy with 69 chromosomes and tetraploidy with 92 chromosomes are likely in many instances to be the result of polyspermy.
Sex Chromosome Aneuploidy
To date all the evidence indicates that about 1 % of the liveborn baby population have a chromosome abnormality detectable in mitotic cells. About one-quarter of the abnormal children have sex chromosome aneuploidy, about one-quarter autosomal aneuploidy with the great majority being mongols, while the remainder show a structural rearrangement. These are underestimates for the reasons I have given, and in the structural aberrations the estimate of 0-5 % with an aberration detectable in mitotic cells must fall far short of the real frequency. More precise data are available for the frequencies of males and females with sex chromosome aneuploidy, primarily ascertained by nuclear sexing and, therefore, of individuals with an abnormal number of X chromosomes. The frequency of liveborn male babies who are chromatin-positive on nuclear sexing is 1-7 per 1,000 live births (Court Brown 1968 ). This frequency is made up of 47,XXY males (1I3 per 1,000 births) and 46,XY/ 47,XXY males (0-4 per 1,000 births). All other forms of sex chromosome aneuploidy involving an abnormal X chromosome complement, for example 48,XXYY or 48,XXXY or 49,XXXXY males, are very rare at birth. The frequency of chromatin-negative females at birth, most having a 45,X complement, is 0 3 per 1,000 live births, and that of doubly chromatin-positive females is 1 1 per 1,000 live births. The great majority of the latter have a 47,XXX complement (I 0 per 1,000 births).
At present we cannot say too much about the fates of these abnormal children, but there are certain pointers. The autosomal aneuploidies are easy to deal with. The small number who are not mongols rarely survive birth for any length of time, while the life expectation of mongols is poor. The sex chromosome aneuploidies are a different matter. Only a small proportion show developmental defects and most of these are females with a 45,X constitution. It is evident that a possibly substantial proportion of those born with this abnormal complement die in infancy or childhood, often from the effects of congenital heart disease, while those that survive present as problems to the gynmcological endocrinologist because of primary amenorrheea. In fact between 30 and 40% of women with a primary failure to menstruate have an abnormal sex chromosome complement.
The majority of individuals with sex chromosome aneuploidy are 47,XXY males and 47,XXX females. There are some suggestions that the infantile mortality risks of the former are increased, but much more information is necessary on this point. We do know, however, that the presence of an additional X chromosome in a male or female impairs the development of intelligence, and that chromatin-positive males and chromatin doubly positive females are significantly increased in frequency among the mentally subnormal. The evidence for males is that the frequency of chromatin-positive patients in the hospitals for the mentally subnormal is about 9 4 per 1,000. When IQ is considered, then for those with an IQ of less than 20 the frequency is 2-2 per 1,000; for IQs of 20 to 40, 9 0 per 1,000, and for IQs of 50 or more the frequency is 15-2 per 1,000 (Court Brown 1968). We do not have the same detailed information about doubly positive females but their overall frequency in hospitals for the mentally subnormal is 5-2 per 1,000. Among the males the frequency of those with the complement of 47,XXY is 7-6 per 1,000, for all ranges of IQ among mentally subnormal patients, and the difference between this frequency and that for all chromatin-positive males (9-4 per 1,000) is made up of those with more bizarre complements, such as, for example, the 48,XXXY males or mosaics of the type 48,XXXY/49, XXXXY. In the study of sex chromosome aneuploidy the most recent discovery is that males with a 47,XYY complement are quite unusually frequent among men in maximum security hospitals (Jacobs et al. 1965 , Jacobs et al. 1968 , Casey et al. 1966 . The men in such hospitals are those of such an aggressive and dangerous disposition as to require their segregation from the community in conditions of strict security. In England the hospitals of Moss Side and Rampton deal mainly with men who are mentally subnormal while Broadmoor caters mainly for those whose IQ is within the range of normal. The State hospital at Carstairs in Scotland deals with both categories.
No less than 30% of the men at Carstairs were found to have a 47,XYY complement and these men showed an unusual distribution of height, so much so that about 1 in 4 of the men of 6 feet or more had this abnormal constitution. Comparable findings have been made at Moss Side and Rampton. From the study of these menandtheirfamilies, together with matched controls and their families, it seems clear that they are genetically predisposed to behavioural disorders. Physically they are normally developed, while more recent evidence is beginning to suggest that an extra Y chromosome may predispose to a wide spectrum of psychiatric disability, and that the extremes of disability and social maladjustment are to be found among the men in the maximum security hospitals. There is little information yet about the frequency of the 47,XYY male at birth. On theoretical grounds this would be expected to be lower than that of the 47,XXY male (13 per 1,000). So far a study of randomly selected male babies in Edinburgh has revealed a single example in 566 live male births.
Autosomal Structural Heterozygosity
The present evidence indicates that about 05 % of the population are carriers of a structural abnormality detectable in mitotic cells, most often a reciprocal translocation (Court Brown et al. 1966) . The great majority arise during the development of an ancestral gamete, but some originate during embryogenesis. The origin of structural aberrations depends on the production of chromosome breaks and a good deal of knowledge about the behaviour of broken chromosome ends comes from the examination of the effects of ionizing radiations. There are three possible outcomes to a situation in which a break is produced in each of two chromosomes, the breaks being at the same level and the distance between the two sites of breakage being about 0-1 micron.
The broken ends in each chromosome may heal and restore the status quo prior to the production of the breaks. A second possibility is that the proximal broken end of one chromosome unites with the proximal broken end of the other chromosome producing a dicentric chromosome, while union of the distal ends produces the complementary acentric fragment. This is an unstable situation and usually leads to the breakdown of cell division or to the death of one or both daughter cells if division is successful. It is, therefore, rare to come upon an individual whose chromosome complement includes a dicentric chromosome, but a very few are known who have a dicentric Y chromosome. The third possibility is that the proximal broken end of one chromosome unites with the distal broken end of the other and vice versa. This brings about a reciprocal exchange of material. Such a reciprocal translocation is recognizable in mitotic cells if the exchanged sections are of unequal length. Studies of chromosomes in the first meiotic division, however, can lead to the recognition of exchanges of equal amounts of material through the identification of multivalent configurations.
The subject of exchange aberrations is extensive and complex and those interested in its theoretical background and in the findings in plants and animals should consult White (1954) and Swanson (1963) while some of the features of these aberrations as found in man are discussed by Court Brown (1967) . There is one point of general interest and this is the problem of Robertsonian evolution, which deals with the evolutionary role of a particular form of translocation, the so-called centric fusion type of translocation. In this the breaks occur very close to the centromeres and the exchange of material effectively results in the transfer of whole arms between chromosomes. When such centric fusion types of translocation involve two acrocentric chromosomes then the products of exchange are metacentric chromosomes, one containing the material of the long arms and the other the material of the short arms of the participating chromosomes. The latter is usually lost, so the effect of a centric fusion is to reduce the chromosome number by one.
Studies of the great apes (Pongo pygmeus, Pan troglodytes, Pan paniscus, Gorilla gorilla) show them to have a diploid number of 48, and a comparison of their karyotypes with that of man suggests the difference in chromosome number could be related to a hypothetical centric fusion in an ancestral Protohominoid (Chiarelli 1962 ). The position is intriguing because the centric fusion type of translocation is a feature of man's exchange aberrations, especially involving two large acrocentric autosomes to give the karyotype 45,XY or XX, D-, D -(DqDq) +, or involving a large and a small acrocentric autosome to give the karyotype 45,XY or XX, D-, G-, (DqGq)+, or involving 2 small acrocentric autosomes to give the karyotype 45,XY or XX, G-, G-(GqGq)+. The latter two types are those associated with familial mongolism, while the most frequent type is the first, which may be the commonest exchange aberration detectable in mitotic cells (Court Brown 1967) . Structural heterozygosity in man has to be considered from the standpoint of reproductive fitness. The events at meiosis in structural heterozygotes can result in the production of gametes with duplication deficiencies, and on theoretical grounds it would be expected that the fertility of structural heterozygotes would be impaired. If this is so then there is remarkably little evidence for it, so far, from the examination of heterozygotes and their families identified in population studies, with the major exception of the centric fusion types of translocation. However, even among the latter is seems that not every individual with a karyotype of 45,XY or XX, D-, D-(DqDq) + has impaired fertility as evinced by a detectably increased pre-natal mortality rate. There is a general tendency at present to regard cytogenetic studies as being of unusual value in determining the reasons for repeated abortion in man. There is, however, little evidence to support this and much of the claimed value may be due to faulty epidemiology and to ascribing too much significance to minor variations in the human karyotype which are quite common, such as the unusual length of a short arm of an acrocentric autosome.
Dr B A Baldwin (Institute of Animal Physiology, Cambridge) read a paper entitled Behavioural Thermoregulation in Mice and Pigs.
